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enthusiasm. Elevation perhaps conies nearest t o  a solution, but 
fails t o  account for world-wide cooling. The conclusion is that  no 
single cause siiffices. ” Some comhination of astronomic, geologic, 
and atmospheric conditionr reenir t o  be necessary t o  produce such 
catastrophic events in the  n orld’b history.” 

The difficulty of the problein is increased by  the apparently 
haphazard n ay in which glaciations hnve developed. Time and 
again the author comments un the  parado\ of field work, especially 
on Permo-Carboiiiferoiis tillites, beneath an almost vertical 51111 
in a teniperature suggestive of an) thing bllt ice. On the other 
hand, SO far as is known at present, the Antsrctic continent ewaped 
glaciation until the  close of tlie hIesozoic, thoiigh of coLir3e the 
great Antarctic ice sheet may hide traces of many older glaciers. 
The northeast of North A:iierica, where the Quaternary ice sheets 
reached lower latitudes than anywhere else, has suffered glaciation 
over and over again. 111 the upper Carboniferoiis this region bore 
glaciers which indeed pale into insigiiificmce beside the contenipo- 
raneous ice sheets of the sout!i, but would be siifficiently reniarltal,le 
in any other period. The snine region \?\as ice-covered in the 
Devonian, the Ordobician, nt the close of tlie Proterozoic. iri tlir 
lower Huronian (a photograph shows the rcmarkable feat (ire of a 
Huronian tillite smoothed ancl striated by a Pleistocene ice sliect), 
and perhaps at t u  o liorizoii\ in the Arcli:rsii-seven or eight 
glaciations in the  same or iieigliburiiig areas. (Jther regions which 
have suffered repeated glarintioii are Alaska, South .ifiica, sild 
southeast Australia, t hoiigli South .lfrica rinq not glaciateil during 
the Pleistocene. 

It almost seeins a\ i f ,  gi\ ~ i i  certaiii c-ciiiclitions, :tiid e4periallj n 
world-wide cooling. glaciers nnd e\ en ice sh rail develop ii i  aiiy 
latitude, biit have a piefeic.iice foi certnii dititlc. Fioiii this 
point of \iew it iiiaj Iw unly aii acciilerit t tlic t n o  great ice 
sheets of the  prchent day ocL*iir in high latitiideq. Their forniatiuii 
is not entirely a matter of ttniperatiire, since we are faced I,! the  
idea that  cluring most of geological time the polar regiunb u ere 
free of land ice even while loner latitude\ were lieiiig glsciatecl. 
Apart from pole n.nncieriiig, the unly theury \\ Iiich throw h any  light 
on this anoninly is Pawliii:ger’s, not mentioned by C‘oleninn, t lint 
glaciation depends on the iclation betKeeir the zone of iiinsinirini 
snowfall and tlie sno\v line. I t  may he piofitable t o  t ry  t o  e t  tlii5 
theory t o  the facts before I 

As we go froni the lowlar a moiiutai~i range, n e  
find tha t  the siiowfnll iller in level. abobr nliicli 
i t  again decreases; thi.; lei el on t1.e liuniidit~ and 
the temperature during the ncttest wa5on. Qiiite rli>tiiict, 
depending niaiiily on tlie suniiiier teiiiperature, is the h i i o w  h e .  
If the  snow line is above tlie ioiic of ma\imuin snonfall, the 
glaciers will be small; if tlie \nou line is the loner, the glnciers IT ill 
be large, ancl with sufEcient hiiox f;tll may descend to  low level<. 
In  the moist equatorial regioiiz tlie t v  o zones are close tngether, 
and a small depression of the h i i n ~ i  liiie n oiiltl produce 3. con&leral,le 
extenbion of the glaciers. 

It seems prol~alAe tha t  glaciers or ice sheets mu\t alwayb urlga , icctt, 
on high ground, but for a glacier t o  develop iiilo nii ice sheet a large 
area of more or leas level groiind ib require(l a t  a tc.iiiperature low 
enough for the ice t o  spresti out as  n pietlmoiit glacier. 111 liigh 
latitudes this land may IIC lo\!, but iii lo\v latitude:, i t  iiiiist be 
initially at a high level. 01icc tlir ice sliect has reached :I certain 
size, however, it imports it- ou I I  climate, and the iiiitially high 
plateau may be depressed nearly to  bes le\ el i s  itliout n e c e ~ ~ a r i l j  
destroying the ice sheet. One 
of the  iiiust iiaportant is that  a s i i o x r  wilacc reflects iurir-fifth 
of the solar radiation fal!iiig oii it ,  mid aiiotlier i* thst  n Lrge ice 
sheet is natiirallp occupied 1)) ,711 anricyclone nitli oiitwnrdlv 
directed winds. The relatioils hetweeii mow linr :iiicI zoiic of 
niaiiiiium snoniall proh1)1j rlepeiitl oii coiitlitioiis of slurniiiies:, 
and vertical teinperatme grdiei i t  nhicli are due t o  gent rill causes; 
when these are favorn!ile, glncierh n ill forni wliich mal tlr\  elop iiito 
ice sheets in siiits1,le localitieh, determined pa1 tly l iy coufiguratioii. 
which is iiidepcndent of latitude, and partly by location rcslatix e 
t o  storm t r a c k  and oceans. The latter pro\ iso cali 
tion of glaciation in certain luralitieh u liich src  iiot 1 
coldest parts of the globe. During tlie course of mi ic 
suitable location may clinnge, which Iirings 11s lxwk tu  C‘oleninii’~ 
bpeculation t h a t  the Urernlaivl ice sheet may represent the con- 
tinuation of tlie eahtward trend of glaciation in Ai 
commenced later tlian the Anierican ice dieets aiicl 
them. 

The author has done good service by uniting in uiie volu~iic :i h g e  
mass of inaterial which wttz formerly only availalde ii i  scattered 
papers or, in the case uf his own olaervationr, had not previously 
been published. The volume niaiiitains the high stand;trd which 
we espect of tiic publishers; it is lavislilj illustrated 1)y phutographs 
of great interest, and the only error which the reviewer has noticccl 
is the  name “Grygalski” on page 2M-C. E .  P. Brooku. 

There :trr .e\er:tl reawlis for  this. 

T H E  CLIMATE OF NORTH-EAST LAND 

In  a paper in the Geographical Journal for September 
on the weather of North-East Land, Spitsbergen, during 
one month in the sunimer of 1924, h4r. K. S. Sandford 
has collected soine evidence of value in relation to the 
problem of glacial anticyclones. In  this relatively small 
but almost entirely ice-covered area he found no fixed 
anticyclone but a definite tendency toward the establish- 
ment of anticyclonic conditions with radial gravitational 
winds. This intermittent glacial anticyclone is blotted 
out by interference froni outside the area but quickly 
reestablishes itself. \lTinds are markedly outflow-ing and 
lead to an augnieiitation of the bordering ice at  the ex- 
pense of the higher parts of the interior. On the other 
hand, interference from the outside is great and leads to 
melting of ice in the bordering zone and to a less extent 
in the interior. During the mtiintenance of anticyclonic 
conditions there is some indication of a pulsation, from 
calm to blizzard. Mr. Sandford believes that on New 
Friesland, on the mainland of Spitsbergen, there is a simi- 
lar but modified system. Other parts of Spitsbergen 
hnve r zn  insufficient ice covering for its development. 
Up to the present there are no winter observations avail- 
able from North-E& Land.-Repr. -from Nature (Lon- 
dou) ,  Seytcnihcr 6 ,  1.926. 

EXTENT OF ORCHARD HEATING I N  SOUTHERN 
CALIFORNIA 

The fruit-frost service of the Weather Bureau, in charge 
of Rlr. Floyd D. Young, is compiling data on this subject, 
which when completed will form the first authoritative 
information with regard to it. The work is divided into 
eight districts, for each of w-hich it is hoped to have com- 
plete data before the spring of 1927. In  summarizing the 
work for the Redlands-San Bernardino district, Mr. A. W. 
Cook, of the Weather Bureau, writes as follows (Cali- 
forti in C’itrograph, July, 19%) : 

There are 29,G91 acres of citrus trees in the entire Redlands- 
Yaii Beriiardino fruit-frost district, of which 5,789 acres, or 19.5 per 
cent, are equipped with heaters. The increase in acreage pro- 
tected hince tlie spring of 1025 is 2,977, or 51.4 per cent of the total. 
On tlie basis of f i f ty  9-gallon oil heaters t o  the  acre, 2,483,550 
gallons, or roughly 250 carloads, of oil are required for one filling of 
the  heaters. The Redlands section alone requires about 187 car- 
loads of oil for one filling. 

A ONE-MAN THEODOLITE 
3-s/- . so  & 
The 14ugust, I W j ,  issue of MeteoroZogische Zeitschrift 

contains I I  description, with illustration, of this device, 
which appears to be new in the field of aerology. The 
advantages of n one-iiian instrunient for use on meteoro- 
logical expeditions or other situation where reduction of 
personnel is escential are obvious. 

In  the new instrument the horizontal circle is retained 
in the form hitherto used, but the vertical circle is in e- 
niously incorporated wit,hin the field of vision of the te ? e- 
scope. The operator with his right eye not only follows 
the bnlloon with the aid of the cross hairs, but, aided by 
1,heir lower vertical member as an index, he with the 
same eye reads the vertical angle upon an engraved glass 
circle. Set off at interpupillary distance to the left of 
the riinin eyepiece is the ocular of a microscope through 
which the observer looks, via a prism, upon the scale 
engraved on the horizontal circle. 

Both horizontal and vertical circles are divided into 
whole degrees. Reading to tenths of a degree is accom- 


